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Abstract: Our previously reported intramolecular d-selective C—H bond oxidation by dioxiranes, generated
in situ from activated ketones, offers a novel approach to the synthesis of tetrahydropyrans. To synthesize
substituted tetrahydropyrans in a stereoselective manner, we examined the effects of alkyl, nitrogen, and
oxygen substituents at the a-, 5-, and y-sites of ketones on the stereoselectivities of intramolecular C—H
bond oxidation reactions. Ketones 1—4 with a methyl group at the o-, -, or y-site showed the diastereo-
selectivities that agreed with the trans/cis ratio predicted by considering steric interactions in the transition
states. Furthermore, ketones 5 and 6 carrying a bulky phthalimido group at the a- and the f-sites,
respectively, exhibited excellent stereoselectivity, each affording only one diastereomer. However, ketones
9 and 10 bearing S-oxygen substituents gave reversed stereoselectivity as compared to those with S-alkyl
or nitrogen substituents, possibly because of the hydrogen bonding interaction in the transition state. For
ketones 12 and 13, both bearing methyl and silyloxy groups, the hydrogen bonding interaction was probably
more important than the steric effect on the diastereoselectivity of intramolecular oxidation of C—H bonds.

Introduction substituents in the transition states of cyclizations. Despite the
success of those methods, the search for a novel strategy for
the efficient assembly of multifunctionalized tetrahydropyrans
continues to be a significant goal in organic synthesis.

Recently we developed a novel method for the synthesis of
tetrahydropyrans via dioxirane mediated regioselective intramo-
lecular hydroxylatiort~7 Unlike the currently employed methods
involving formations of C-O and C-C bonds, our approach
involved a concerted intramolecular oxidation of unactivated
C—H bonds of ketones to giveé-hydroxy ketones, which then
cyclized to afford tetrahydropyrans (Schemé® 1).

In this work, we investigated the substituent effects on the
(1) Westley, J. W., EdPolyether AntibioticsMarcel Dekker: New York, 1983; stereoselective oxidation of unactivated & bonds of ketones.

Vols. 1 and 2 We found that substituents (such as methyl, nitrogen, and

(2) (a) Forrecentreviews, see: Alvarez, E.; Candenas, M.-L.; Perez, R.; Ravelo,
J. L.; Martin, J. D.Chem. Re. 1995 95, 1953. (b) Faul, M. M.; Huff, B.

Substituted tetrahydropyrans are important building blocks
of many biologically active natural products such as marine
toxins and polyether antibiotidsThus, the development of
efficient methods for the construction of functionalized tetrahy-
dropyrans has received considerable atterttion.

Intramolecular cyclizations through the formation of-O
and C-C bonds represent the two main approaches for the
synthesis of multisubstituted tetrahydropyrdf3.hese cycliza-
tions usually proceeded with good to excellent stereoselectivities,
generally governed by the steric interactions developed between

E. Chem. Re. 200Q 100, 2407. (4) For recent examples regarding the synthesis of tetrahydropyrans-8y C
(3) For recent examples concerning the construction of tetrahydropyrans via bond formation, see: (a) Taber, D. F.; Song,Tétrahedron Lett1995
C—0 bond formation, see: (a) Mori, Y.; Yaegashi, K.; Furukawa,JH. 15, 2587. (b) Evans, P. A.; Roseman, J.DOrg. Chem1996 61, 2252,
Am. Chem. Sod996 118 8158. (b) Angle, S. R.; El-Said, N. A. Am. (c) Shing, T. K. M.; Zhong, Y.-L.; Mak, T. C. W.; Wang, R.-J.; Xue,F.
Chem. Soc1999 121, 10211. (c) Trost, B. M.; Pinkerton, A. Bl. Am. Org. Chem.1998 63, 414. (d) Park, J.-Y.; Kadota, I.; Yamamoto, ¥.
Chem. Soc1999 121, 10842. (d) Schmittel, M.; Ghorai, M. K.; Haeuseler, Org. Chem.1999 64, 4901. (e) Cloninger, M. J.; Overman, L. &. Am.
A.; Henn, W.; Koy, T.; Sollner, REur. J. Org. Chem1999 2007. (e) Chem. Soc1999 121, 1092. (f) Zhang, W.-C.; Viswanathan, G. S.; Li,
Evans, P. A.; Murthy, V. STetrahedron Lett1999 40, 1253. (f) White, C.-J.Chem. Commurl999 291. (g) Hori, N.; Matsukura, H.; Nakata, T.
J. D.; Hong, J.; Robarge, L. ATetrahedron Lett1999 40, 1463. (g) Org. Lett. 1999 1, 1099. (h) Huang, H.; Panek, J. &.Am. Chem. Soc.
Nakada, M.; lwata, Y.; Takano, Mletrahedron Lett1999 40, 9077. (h) 200Q 122 9836. (i) Schmidt, B.; Wildemann, H. Org. Chem200Q 65,
Schneider, C.; Schuffenhauer, Bur. J. Org. Chem200Q 73. (i) Sutterer, 5817. (j) Marko, I. E.; Leroy, BTetrahedron Lett200Q 41, 7225. (k)
A.; Moeller, K. D.J. Am. Chem. So€00Q 122, 5636. (j) Vares, L.; Rein, Taniguchi, T.; Ogasawara, Kletrahedron Lett2001, 42, 3359. (I) Yang,
T. Org. Lett.200Q 2, 2611. (k) Kumar, V. S.; Floreancig, P. B. Am. X. F.; Mague, J. T.; Li, C. JJ. Org. Chem2001, 66, 739. (m) Croshy, S
Chem. Soc2001, 123 3842. (I) Loh, T.-P.; Hu, Q.-Y.; Tan, K.-T.; Cheng, R.; Harding, J. R.; King, C. D.; Parker, G. D.; Willis, C. Qrg. Lett.
H.-S. Org. Lett. 2001, 3, 2669. (m) White, J. D.; Kranemann, C. L.; 2002 4, 577. (n) Yu, C.-M.; Lee, J.-Y.; So, B.; Hong, Angew. Chem.,
Kuntiyong, P.Org. Lett.2001, 3, 4003. (n) Gruttadauria, M.; Aprile, C.; Int. Ed. 2002 41, 161. (o) Keck, G. E.; Covel, J. A.; Schiff, T.; Yu, T.
Riela, S.; Noto, RTetrahedron Lett2001, 42, 2213. (o) Kumar, V. S.; Org. Lett.2002 4, 1189.
Aubele, D. L.; Floreancig, P. EDrg. Lett.2002 4, 2489. (p) Suzuki, K.; (5) Yang, D.; Wong, M.-K.; Wang, X.-C.; Tang, Y.-G. Am. Chem. Soc.
Nakata, T.Org. Lett.2002 4, 2739. (q) Miura, K.; Hondo, T.; Okajima, 1998 120, 6611.
S.; Nakagawa, T.; Takahashi, T.; Hosomi,JAOrg. Chem2002 67, 6082. (6) For excellent reviews on dioxirane chemistry, see: (a) Adam, W.; Curci,
(r) Sasaki, M.; Ishikawa, M.; Fuwa, H.; Tachibana, Ketrahedron2002 R.; Edwards, J. QAcc. Chem. Re 1989 22, 205. (b) Murray, R. WChem.
58, 1889. (s) Marmsater, F. P.; Vanecko, J. A.; West, FT&rahedron Rev. 1989 89, 1187. (c) Curci, R.; Dinoi, A.; Rubino, M. FRure Appl.
2002 58, 2027. (t) Allin, S. M.; Baird, R. D.; Lins, R. JTetrahedron Chem.1995 67, 811. (d) Adam, W.; Hadjiarapoglou, L. H.opics in
2002 58, 4195. Current Chemisty; Springer-Verlag: Berlin, 1993; Vol. 164, p 45.
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Scheme 1 Table 1. Selective Oxidation of Ketones 1—132
H Q H--0-0 OHOQ OH Oxone/NaHCO.
SR AR G e
Y
B @ entry ketone product time (h) trans/cis ratio” yield (%)°
. . . . s )\ﬁDH

oxygen substituents) on the aliphatic carbon chains exhibited 1 At Ko @cowe ocoowe 43 17100 %

remarkable effects on the stereoselectivities of those intramo-

lecular C-H bond oxidation reactions. Besides the steric effects s c.:, e (b\‘é? /Uilﬁ? 24 1/147 85

observed in the oxidation of ketones with methyl and phthal-

imido groups, an unexpected hydrogen bonding interaction was coowme ’ 80
\/\)Y (OIZSOMQ /(OIZOOMQ 7 4 (89)

found to play an important role in stereoselective hydroxylation  *

of ketones bearing-oxygen substituents. )\/\)\/ﬁ( m \(J;) " o 2

Results
To examine the effect of substituents on regioselective go otQ wans
intramolecular oxidation of unactivated-& bonds, we de- s Ty [_;’LZHD 48 only a
signed and synthesized a series of ketones bearing different VQ} Sf:m
substituents at the.-, 8-, and y-sites? We first investigated R
the effect of aB-methyl group. We chose GRand COOCH ogc o=, =0 36 cis 54
substituted ketones due to their high activities in intramolecular /\):\icoom ,Q@ only
C—H bond oxidation reactions. As shown in Table 1, oxidation 6 6a
of ketonel was performed by adding 5.0 equiv of Oxone and ogo No identifisble product
15.0 equiv of NaHC@to a 10 mM solution of ketoné in a 7 oo ” - -
1.5:1 mixture of CHCN and aqueous NeEDTA solution (0.4 ,°
mM) at room temperature for 4.5 h. Oxidation bfook place ol ome owe
regioselectively at thé-site of the keto group to afford a mixture 8 N\OHMJ:COOMQ @cm /E-;Cfcoom 24 e ?
of transhemiketalla and cis-hemiketallb in a 1:10 ratio in 8 e - s
62% yield (entry 1). Similar td, oxidation of trifluoromethyl TEOMSO Q /Q 27 27/1¢ *
ketone2 providedcis-hemiketal2b as the major producé ’ ”, oo cooMe cooe e
2b = 1:14.7) in 85% vyield (entry 2). Note that at the anomeric N >Lo
center G, the hydroxyl group prefers to be axial, while the ester |, /\/;,\imm /@ § 27/ 7
and trifluoromethyl groups prefer to be equatofi#l. The 10 °°°“e cooe
stereochemistry at£and G of 1a/b and2a/b was determined /\,/V?LCOOM No identifiable product , B B
by 2D-NOESY NMR experiments.We then examined the 1 onc
effect of - and y-methyl groups on the selective oxidation . orons oreoms
TBDMSQ O 1 43
(7) For selected references regarding dioxirareHbond oxidation reactions, 12 MOM& v ; <oooe Seoome 2 231 82)
see: (a) Murray, R. W.; Jeyaraman, R.; Mohan]JLAm. Chem. So4986 3,5-trans 3,3cis
N e e e G S U ol
) ; Py  Aan >R N Pl X OMe % 3 Y, 3 ¢ 59
prenepe, T QU R, Qrg, Chemissz o7 5058 (G ooveeli 2 Y T, Mg, w o wn )
7411. (e) Bovicelli, P.; Lupattelli, P.; Fiorini, V.; Mincione, Eetrahedron 5 3a 3;;:

Lett. 1993 34, 6103. (f) Kuck, D.; Schuster, A.; Fusco, C.; Fiorentino, M.;

Curci, R.J. Am. Chem. So4994 116, 2375. (g) Curci, R.; Detomaso, A.; a ica indi : : :
Prencipe, T.; Carpenter, G. B. Am. Chem. Sod994 116, 8112. (h) Unless otherwise indicated, all reactions were carried out with a 10

! . . . 8 mM solution of ketone in a 1.5:1 mixture of GEIN and aqueous NEEDTA
éf,ee',‘ﬁ."l’g&' Eﬁ?ﬁggﬁh%’i)%hxf "g’.; Rb;et(f,?ﬁ;ﬁ('fz,\'.\f“[‘;Ztér?ﬁiifo,vﬁ%.; solution (0.4 mM) containing 5.0 equiv of Oxone and 15.0 equiv of NaglCO
Carpenter, G. BJ. Am. Chem. So996 118 11089. (j) Adam, W.; Curci, at room temperaturé.Unless otherwise indicated, the trans/cis ratio was
R.; D'Accolti, L.; Dinoi, A.; Fusco, C.; Gasparrini, F.; Kluge, R.; Paredes, determined by!H NMR. ¢Yield of isolated product after flash column
R.; Schulz, M.; Smerz, A. K.; Veloza, L. A.; Weinkotz, S.; Winde, R.  chromatography, and the conversion was shown in parentifeEems/
Chem-Eur. J. 1997 3, 105. (k) Gonzalez-Nunez, M. E.; Royo, J.;  cis ratio was determined by convertidg and 4b to the corresponding
ggg(t]egagg?i (a) CAU’:gi'e#_ S;A(?(?c;ﬁi E é\ﬂgﬂg' gl;ét/‘;\asﬁgdsrlghﬁ%zlégt]t,' lactones. See the Supporting Informati®Reaction was carried out at 15
12 7087 (rﬁ) D'Accolti L. Fusco. C.: Lucchini. V.- Carpenter, G. B.: °C.f Reaction was carried out at . 9 Trans/cis ratio was determined
Curci, R. J. Org. Chem.2001 66, 9063. n) Gonzalez-Nunez, M. E.. from the ratio of the isolated products after flash column chromatography.
Castellano, G.; Andreu, C.; Royo, J.; Baguena, M.; Mello, R.; Asensio, G.

J. Am. Chem. So@001, 123 7487.

(8) These hemiketals bearing a C-1 axial hydroxy group and an equatorial reactions. Ketone3 bearmg ana'methyl group underwent
carbotxyl«';lte Igroupdshgre alcotmgﬂor; cyclic skeletgn wnhﬂ?lologl?allyI oxidation smoothly to yield a mixture of hemiketals in favor of
Important sialic acids. For selected references regarding syntnesis or sialic _
acids, see: (a) Smith, D. B.; Wang, Z.; Schreiber, STé¢trahedron.99q the tranS'BOmer_Sa (3a3b = 3.4:1) '_n 89% yield (entry 3),
46, 4793. (b) DeNinno, M. PSynthesi 991 583. (c) Hu, Y.-J.; Huang, whereas oxidation of ketond bearing ay-methyl group
X.-D.; Yao, Z.-J.; Wu, Y.-LJ. Org. Chem1998 63, 2456. (d) Schlessinger, . . - . -

R. H.; Pettus, L. HJ. Org. Chem1998 63, 9089. () Burke, S. D.; Sametz, furnishedtrans-hemiketal4a as the major pdeUC'[4e.4b =

G. M. Org. Lett.1999 1, 71. (f) Li, L.-S.; Wu, Y.-L.; Wu, Y.Org. Lett. 6:1) i % Vi .

200Q 2, 891. (g) Burke, S. D.; Voight, E. AOrg. Lett.2001, 3, 237. (h) 3.6:1) .In 8% ylel.d (entr¥ 4)

Voight, E. A; Rein, C.; Burke, S. DTetrahedron Lett2001, 42, 8747. In view of the interesting effects of methyl groups on the

(9) See the Supporting Information. . . diastereoselective oxidation of-@ bonds, it is very appealing

(10) For references regarding experimental and theoretical calculations of the N o
anomeric effect of tetrahydropyrans, see: (a) Booth, H.; Dixon, J. M.; t0 probe whether other substituents would also exhibit the same
Khedhair, K. A.Tetrahedronl992 48, 6161. (b) Salzner, U.; Schleyer, P. i i ;
V. R.J. Org. Chem1994 59, 2138, (c) Gortes, F.. Tenorio, J.. Collera, stereochemical contr(_)l. Therefore, we examln_ed_ the substituent
0.; Cuevas, GJ. Org. Chem2001, 66, 2918. effect of a more sterically demanding phthalimido group. Of
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B_substituent (1,2)
] BCH3 CH3 ﬁCHBIH o ' CHj HOH
H | R 0. ., Cis TS B —_— R ftrans
oA "L o — S
H H H w H N
favored disfavored
a substituent (3)
H}[cr{3 CH, HC oy R we y oM
TSC r/i7% — RS s TSD gl\»ﬂ—R —— ﬁ@w trans
H -b\o H H R H N
disfavored favored
vy substituent (4)
CH H CH
GI ° H o HOH
TSE R/A —=R LS/ s TSF R g R trans
“~-o H30Ek‘ HaC
H H OH R H
disfavored favored R
Figure 1. Possible transition states for oxidation reactions of ketdres
Scheme 2 H
X ]
Oxone X X 5 7 -H
Ha@ —_— (IOH + /C/EOH RO_——H~.,~08— RO"" :0
Hy" R WNOTNR R TSG B Hdl-coome  mmmm JVCOOMe
trans cis -05+ o
Me H Me trans
X X X favored 9aR = TBDMS
H B o Oxone + 10a R = Bu-t
a\“.. 3 . OH OH Figure 2. Possible transition state for the oxidation reactions of ket@nes
Hy' R w07 SR 0~ R and 10.
trans cis
1) in 53% yield. On the other hand, ketorf8 with a
X . Oxone X X p-OTBDMS group and a syry-methyl group underwent an
Ha;g\ko —_— QOH + IIOH oxidation reaction to generate hemiketea as the major
Hg R wINOTNR 07 R product ((3a13b = 3.1:1) in 65% vyield.
trans cis

significant importance, oxidation reactions of ketdnieearing

an a-phthalimido group and keton& with a g-phthalimido
group afforded exclusivelyfransisomer5a and cis-isomer6a

in 45 and 54% vyields, respectively (Table 1, entries 5 and 6).
This excellent stereoselectivity in oxidation was probably due
to the larger size of the phthalimido group. However, for ketone
7 possessing g-phthalimido group, oxidation failed to provide
any identifiable product with complete consumption7ah 14

h (entry 7).

We then investigated the effect of oxygen substituents on
the C—H bond oxidation reactions. Ketoewith ana-methoxy
group underwent oxidation to offer a 1:1 mixture of hemiketals
8a and8b in poor yield (9%) (Table 1, entry 8). Surprisingly,
oxidation reactions of ketoné&sand10 bearing OTBDMS and
OR (R= Bu-t) groups, respectively, at thpositions yielded
transisomers9a andl10aas the major products in 63 and 76%
yields, respectively9a:9b = 2.7:1;10a10b = 2.7:1) (entries
9 and 10). Thigrans-selectivity is opposite to theis-selectivity
observed in the oxidation reactions of ketofg8, and6 bearing
B-methyl and3-phthalimido groups (entries 9 and 10 vs entries
1, 2, and 6). No identifiable product could be isolated in the
oxidation reaction of keton&1 carrying an acetoxy group at
the y-site (entry 11).

Finally, we studied the oxidation reactions of ketones
containing two different substituents. Oxidation of ketdri
bearing g5-OTBDMS group and &-methyl group in an anti
relationship offered.2aas the major productlgal2b = 2.3:

160 J. AM. CHEM. SOC. = VOL. 125, NO. 1, 2003

Discussion

Intramolecular oxidation reactions of ketories6, 8—10, 12,
and13 occurred in a highly regioselective manner at dhsite
of the ketone group and afforded cyclic hemiketals as the major
products, independent of the substituents on the aliphatic carbon
chains and the reactivities of ketones. In principle, for each of
the ketoned4—11bearing substituents at tlee, 8-, andy-sites,
there are two possible tetrahydropyran products, trans and cis
(referring to the stereochemical relationship between the site
bearing the substituent and thesite), formed by oxidation of
0 C—H, and C-Hy, bonds, respectively (Scheme 2).

To rationalize the diastereoselectivities observed in tliose
C—H bond oxidation reactions, the transition state geometries
for the oxidation of ketone4—4 bearing methyl substituents
are analyzed. Given the known spiro geometry for the transition
state of 6 C—H bond oxidatior;!! there are two possible
transition states for each dioxirane bearing a methyl group at
the a-, -, or y-site (Figure 1). In the favored transition states
A, D, andF, all of the substituents are situated at the equatorial
positions. In the disfavored transition sta®sC, andE, the
o-, -, or y-methyl group is located in an axial orientation,
resulting in unfavorable 1,3-diaxial interactiofsFor the
oxidation reactions oft- and y-methyl substituted ketone®
and4, the presence of one pair of 1,3-diaxial €H interaction

(11) For references regarding theoretical calculations supporting a spiro and
concerted transition state, see: (a) Shustov, G. V.; Rauk, @rg. Chem.
1998 63, 5413. (b) Du, X.; Houk, K. NJ. Org. Chem1998 63, 6480. (c)
Glukhovtsev, M. N.; Canepa, C.; Bach, R. . Am. Chem. Sod 998
120, 10528.
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anti B.y substituents (12

Me 5 PTEOMS Me  oreDMS
Y
M —» M
ren 72\% ﬁ?@w
H H H  3,5-cis
disfavored 12b

syn B.y substituents (13)

OTBDMS

TSJ Mé"'\;\g
COOMG

favored

OTBDMS

—> M f@?ooom
H H 3 5-cis
13b

TSK v\ [~COOME g %
MMe Me e

3
L M
TBDMSO-~ TBDMSO” :o
-COOME g
COOMe
TSI Me@\ &%
Me e 3,5-trans
favored 12a
5
H
TBDMSO"" TBDMSO”" o

OOMe
3,5-trans

even more favorable 13a

Figure 3. Possible transition states for oxidation reactions of ketdrfeand 13.

(0.85 kcal/mol) in the disfavored transition statesaandE is
anticipated to give a trans/cis ratio of 4.3:1 at ZD. For the
oxidation of 5-substituted ketone$ and 2, the presence of a
1,3-diaxial CH/O interaction in addition to the 1,3-diaxial
CHa/H interaction makes the transition staBe even more
unfavorable than transition stat€S and E. Thus, higher
diastereoselectivity is expected for oxidationlond 2. We
were delighted to find that the observed product distributions
agreed well with the above predictions (Table 1, entrieg )l

As the steric size of a phthalimido group is much larger than
that of a methyl group? higher diastereoselectivities are
expected in the oxidation of keton&sand 6. This is indeed
confirmed by the exclusive formation of a single isomer in the
oxidation of ketonés or 6 (Table 1, entries 5 and 6). The good

and 13) in CDCG were also found in the downfield region (5.96
and 6.09 ppm, respectively), and they remained unchanged upon
dilutions with CDC} (from 40 to 0.7 mM)? These experiments
suggested that the hydroxyl groups of &&ns12aand 3,5-
trans-13a were intramolecularly hydrogen bonded. The 3,5-
trans-selectivity might be explained by the transition state
models illustrated in Figure 3. For ketord®, the disfavored
1,3-diaxial CH/H interaction in transition statel led to the
formation of minor isomefl2b, whereas the favored transition
statel with intramolecular hydrogen bonding resulted in major
isomerl2a For the oxidation of keton&3, 3,5-cis-isomerl13b
came from transition stat&, in which all of the substituents
were located at equatorial positions, whereas transition Ktate
involving hydrogen bonding gave rise to major isorhi@8a The

correlation between steric interaction and diastereoselectivity preferred formation of 3,%ans products suggested that the

lends a strong support for the transition state models proposedfavorable hydrogen bonding interactions for the a@aDTB-

in Figure 1. DMS group outweigh the unfavorable steric interactions en-
However, the transition state models based on steric argu-countered for axial-methyl group in transition stat&. To

ments (Figure 1) could not be used to rationalize the unexpectedsummarize, ketone8—10 and 12—13 bearingS-oxygen sub-

trans-selectivity in the oxidation reactions gfoxygen substi-
tuted ketones9 and 10 (Table 1, entries 9 and 10). It is
interesting to note that théH NMR chemical shifts of the
hydroxyl groups ofrans-9a andtrans-10ain CDCl; were found

to be 6.25 and 6.56 ppm, respectively, which are much more

downfield than those of free hydroxyl groups. Therefore, the
axial hydroxyl groups ofrans-9a andtrans-10awere intramo-

stituents always afforded 3ffansisomers as the major products
regardless of the presence of the methyl group on the aliphatic
carbon chains.

Conclusion

In summary, we have carried out a systematic investigation
on the intramoleculad C—H bond oxidation of ketones bearing

lecularly hydrogen bonded to the axial OTBDMS and OR alkyl, nitrogen, and oxygen substituents on the aliphatic carbon
(R = Bu-t) groups, respectively, which may offer a clue to the chains. We found that those substituents exerted remarkable
transition states (Figure 2). One possibility is that the favorable effects on the diastereoselectivitiesdshydroxylation reactions.
hydrogen bonding interactions of a bridging water molecule with Transition state models were proposed to rationalize the
the axial-oxygen substituent and the pseudoaxial oxygen atom observed diastereoselectivities in the oxidation reactions based
of dioxirane in transition stat& provide certain stabilization  on steric and hydrogen bonding interactions. This strategy allows
to counteract the unfavorable steric and electrostatic repulsionsfor the assembly of biologically important multifunctionalized

between those two axial groups (Figuré“2°resulting intrans
9a or 10aas the major product.

Similar totrans-9a/10a, the 'H NMR chemical shifts of the
hydroxyl groups of 3,3frans12aand 3,5trans-13a(entries 12

(12) Eliel, E. L.; Wilen, S. H.; Mander, L. NStereochemistry of Organic
CompoundsWiley & Sons: New York, 1994; pp 696709.

(13) Because a phthalimido group is much larger than a phenyl groug the
value of the phthalimido group should be much larger than that of the phenyl
group (2.8 kcal/mol). See ref 12.

(14) It was known in the literature that the reactivity of dioxiranes irHC

bond oxidation could be enhanced by hydrogen bonding between the oxygen
atoms of dioxiranes and hydrogen bond donor solvents. Furthermore, the

hydrogen bonding properties of dioxiranes have been employed to
rationalize the site selectivity in some-El bond oxidation reactions. For
related references, see: (a) Murray, R. W.; GuJHChem. Soc., Perkin
Trans. 21994 451. (b) Murray, R. W.; Gu, HJ. Org. Chem1995 60,
5673.

tetrahydropyran systems from simple acyclic precursors. Future
work will be directed at exploring the potential of this method
in natural product synthesis.

Experimental Section

General Procedure for Intramolecular 6 C—H Bond Oxidation
(Table 1, Entry 1). To an acetonitrile solution (8.4 mL) of ketorie
(0.03 g, 0.14 mmol) at room temperature was added an aquegus Na
EDTA solution (5.6 mL, 0.4 mM). To this reaction mixture was added
a mixture of Oxone (0.43 g, 0.70 mmol) and NaH{©.18 g, 2.17

(15) A similar stabilization of transition states by hydrogen bonding between
dioxiranes and a water molecule has been suggested for dioxirane
epoxidation reactions, see: Jenson, C.; Liu, J.; Houk, K. N.; Jorgensen,
W. L. J. Am. Chem. S0d.997 119 12982.
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mmol). After being stirred at room temperature for 4.5 h, the reaction in Synthetic Organic Chemistry and the Croucher Foundation

mixture was added to brine and extracted with EtOAc. The combined for a Croucher Senior Research Fellowship Award.

organic layers were dried over anhydrous MgSd concentrated.

The residue was purified by flash column chromatography (10% EtOAc Supporting Information Available: Preparation and charac-

in n-hexane) to afford a mixture dfaand1b (0.026 g, 62% yield) as  arization data of compounds-13; NOE assignments of cyclic

a colorless syrup. hemiketals; andH NMR dilution studies forl2a and 13a
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